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Correspondence to: T. Veldkamp, Wageningen Livestock Research, Wageningen, The Netherlands. E-mail: teun.veldkamp@wur.nl Abstract. 1. An experiment was conducted to investigate the effect of crude protein (CP) concentration and dietary electrolyte balance (DEB) on growth performance, processing yields, litter quality and foot pad dermatitis (FPD) in male turkeys from two commercial hybrids. Soya bean meal was replaced by vegetable protein sources selected for lower K concentrations to lower DEB in order to improve litter quality and subsequent quality of foot pads.
2. Effects of CP on litter friability and wetness were not consistent during the production period. FPD in turkeys fed on diets with low CP was significantly lower than FPD in turkeys fed on diets with high CP until 84 days. Growth performance was adversely affected at low CP. Processing yields were not affected by CP.
3. Litter was significantly dryer in pens of turkeys fed on diets with low DEB than in pens of turkeys fed on diets with high DEB. FPD in turkeys fed on diets with low DEB was significantly lower than in turkeys fed on diets with high DEB. Growth performance and processing yields were adversely affected at low DEB. 4. FPD in turkey hybrid A was higher than in turkey hybrid B at 28 days of age.
Thereafter, no differences in FPD between turkey hybrids were observed. Growth performance and processing yields were not affected by turkey hybrid. 5. Overall, a significant interaction effect of CP x DEB was observed for FCR: in turkeys fed on the high DEB treatment, FCR of turkeys fed on the high CP diets was INTRODUCTION Footpad dermatitis is very common in commercial turkey flocks and is a potential economic and welfare problem in intensive production systems (Berg, 1998) . In a field study in Germany, Bergmann et al. (2013) determined the prevalence and severity of foot pad alterations of turkey poults up to 5 weeks of age, starting as early as 3 d of age. Prevalence and severity increased from 3 d to 5 weeks of age; 27.3% (d 3 to d 5; male/female: 39.1/25.0%) and 63.3% (d 22 to d. 35: 61.3/65.7%). Mayne et al. (2007) also reported that histopathologic alterations of the foot pads can occur at an early age and can proceed to fully developed lesions in a period of 3 weeks in commercial turkeys. Clearly, alterations of the foot pads of turkeys can already occur at young ages. External signs of FPD have been observed under test conditions in the second week of life (Berk 2007; Berk, 2009; Schumacher et al., 2012) . Multiple factors such as poor litter condition, especially high litter moisture (Martland, 1984; Clark et al., 2002; Spindler, 2007; Mayne et al., 2007; Wu and Hocking, 2011) and chemical irritants bound to litter (Martland, 1984) , have been linked to FPD. Litter quality is affected by many factors such as stocking density, air temperature and humidity, ventilation, season, consistency and amount of excreta, and drinker design (Veldkamp, 2011) . Reduced activity and disrupted behavioural sequences are associated with high FPD scores in turkeys kept on wet litter (Hocking and Wu, 2013; Sinclair et al., 2015) . Weber Wyneken et al. (2015) observed a linear relationship between FPD and litter moisture above a breakpoint of 49% litter moisture. All factors which will cause wet and caked litter are a risk factor for FPD.
Wet excreta and subsequently wet litter may be affected by diet composition.
The protein requirement of turkeys is high and therefore high proportions of soya bean meal are included in their diets. Soya bean meal contains high levels of potassium which adversely affect the consistency of the excreta. High dietary sodium and potassium concentrations may result in excessive water intake resulting in wet litter (Eichner et al., 2007) . Soya bean meal-based diets have relatively high αgalactoside concentration (above 2%), which also increases the risk of FPD in turkeys (Jankowski et al., 2009) whereas maize gluten meal, potato protein, rapeseed meal and sunflower seed meal have lower α-galactoside concentrations. Use of other vegetable protein sources selected for lower K concentrations compared to soya bean meal will result in a lower dietary electrolyte balance (DEB) and may improve litter quality and subsequently quality of foot pads.
Diets with high CP concentrations may also cause an increase in water intake and wet litter as the surplus nitrogen that is not accreted in the body has to be excreted. This process requires extra water, increase in the water/feed ratio and results in wet litter. This was demonstrated in an experiment with broilers in which high levels of dietary crude protein stimulated water intake in young broilers (Marks and Pesti, 1984) . More recently it was found that increasing dietary balanced protein concentration stimulated water intake in a dose dependent manner (Huang et al. 2011) . Lowering the crude protein concentration in diets in combination with supplementation of free amino acids may decrease the moisture concentration in excreta and subsequently in the litter and may result in a lower incidence and severity of FPD in turkeys.
Hocking and Wu (2013) concluded that heavier lines of turkeys had higher mean FPD scores that developed earlier than those in a traditional line, but the effect was relatively small in young turkeys. Hybrid differences in susceptibility to FPD in commercial hybrids with similar growth performance may occur and two widely used medium heavy turkey hybrids were compared in the present experiment.
The objective of the current study was to evaluate the effect of crude protein concentration and dietary electrolyte balance on litter quality, foot pad dermatitis, growth performance and processing yields in male turkeys of two commercial turkey hybrids in the period from 0 to 134 days of age.
MATERIALS AND METHODS

Birds and housing
All procedures including the use of birds, management and care were in compliance with the European parliament and the European Council Directive regulations on the protection of animals used for scientific purposes (2010/63/EU). A 2 x 2 x 2 factorial block arrangement of 8 dietary treatments was used to evaluate the effects of dietary electrolyte balance (DEB) and crude protein (CP) concentration on growth performance, processing yields, litter quality and foot pad dermatitis in two commercial turkey hybrids in the period from 0 to 134 days of age. An open-sided turkey barn of 96 x 12.3 meters was used for the experiment. The pens were located weeks and 54 weeks, respectively. All turkeys were obtained from a commercial hatchery and were treated with an infrared beak treatment (Novatech) in the hatchery. Day-old turkey poults were placed in 16 pens with 120 birds per pen (density 10 turkeys per m 2 ) until 28 days of age (2 pens per treatment). In this period pens were heated by gas brooders. Turkeys were weighed and divided randomly among all 64 pens at 28 days of age. All turkeys remained within the same treatment group after distribution at 28 days of age. Housing, management, feeding and husbandry conditions were representative for a modern commercial operation in Europe. Water and feed for the turkeys was available ad libitum. One day prior to placement of the turkeys the rooms were pre-heated according to the temperature recommendations of the breeding companies. Lighting schedule was 16 h light and 8 h dark. White wood shavings were used as litter material and 130 kg were added to each pen prior to the start of the experiment (10 kg/m 2 ). During the production period an equal amount of wood shavings was added for 7 times to each pen (175 kg in total). Furthermore, litter was tilled with a garden cultivator in all pens when required, based on the assessment of the pen with the worst litter conditions.
Experimental diets
Feed was provided according to a five phase feeding programme in four-week periods. Four experimental diets per feeding phase were provided to both turkey hybrids as summarised in Table 1 . Diets were formulated to be isocaloric for the 5 phases (0-28, 28-56, 56-84, 84-112 and 112-134 days of age) and containing per phase 290 vs. 260, 270 vs. 240, 230 vs. 200, 200 vs. 170, 175 vs. 145 g CP/kg, respectively; and DEB (240 vs. 130 mEq/kg) in all phases. Feed formulation was based on analysed nutrient concentrations (dry matter, crude protein, crude fat, crude fibre, starch, sugar, Na, K, Cl, Ca and P) of the feed ingredients: maize, soyabean meal, fish meal, maize gluten meal, peas, potato protein, rapeseed meal and sunflower meal. sodium-bicarbonate and potassium-bicarbonate were used for adjusting DEB levels in the experimental diets. Diets were provided as 2.3 mm pellets (0-28 days of age), 3.0 mm pellets (28-56 days of age) and 4.0 mm pellets (56-134 days of age). The composition and the analysed nutrient concentrations of the experimental diets are presented in Table 2 .
Observations
Visual litter quality was determined at 28, 56, 84, 112 and 134 days of age by a panel of three assessors on a 10-point scale (Table 3) . Scores for friability of the litter layer varied from score 1 = complete caked litter to score 10 = friable litter, no caked litter particles. Scores for wetness of the litter layer ranged from score 1 = wet litter (defined as water appearing over the total area when pressure was applied to the litter) to score 10 = very dry litter (only observed at start). Litter moisture was determined according to the method used by Mayne et al. (2007) . At 28, 56, 84, 112 and 134 days of age a sample of litter was obtained from the full depth of the litter from a position 30 cm from each wall forming the corner of the pen. The 4 samples from each pen were pooled and thoroughly mixed. A subsample of about 100 g was placed in a weighed plastic container and reweighed to obtain the weight of fresh litter. The samples were dried in an oven at 60ºC for 2 weeks and reweighed. The proportion of moisture in the sample was calculated from the loss in weight of the fresh sample. Foot pad dermatitis was determined at 28, 56, 84, 112 and 134 days of age in the turkey house by a panel of three assessors according the standard European foot pad dermatitis scoring system as described by Hocking et al. (2008) .
Twelve turkeys per pen were randomly selected and individually marked with leg bands at 28 days of age and these turkeys were assessed for foot pad dermatitis during the trial.
Body weight gain and feed intake were recorded at 0, 28, 56, 84, 112 and 134 days of age in the turkey house and feed conversion ratio (FCR) was calculated in these periods. Dead or culled turkeys were weighed, post mortem gross necropsy was performed and the age, weight and cause of mortality were recorded. Body weight gain of dead or culled turkeys was included in the calculation of FCR. Processing yields of 5 turkeys per pen (body weight of selected turkeys was close to mean body weight of pen) were obtained at 134 days of age in the slaughterplant. Feed withdrawal on farm was 6 h, loading took 1 h and the journey to slaughter took 1 h.
Birds were processed within an hour after arrival to the slaughterplant to determine processing yields consisting of wing tips, wings and two phalanges, shoulder with skin, thighs, breast without skin and residual carcass. All carcass parts include bones.
Yield determination was made after air-chilling
Laboratory analysis and calculations
Prior to feed production, the feed ingredients: maize, soyabean meal, maize gluten meal, peas, potato protein, rapeseed meal and sunflower meal were analysed for dry matter, crude protein, crude fat, crude fibre, starch, sugar, Na, K, Cl, Ca and P.
During production of the diets 3 kg samples of each experimental diet were collected and analysed in the lab for dry matter, crude protein, crude fat, crude fibre, starch, sugar, Na, K, Cl, Ca and P. Samples of feed ingredients and experimental diets were ground in a centrifugal mill fitted with a 1 mm screen. Dry matter, crude protein, crude fat, crude fibre, starch, sugar, Na, K, Cl, Ca and P were analysed by methods 10032, 10005, 10112, 10061, 10484, 10138, 10040, 10040, 10008, 
Bird welfare
The health of the turkeys was inspected on a daily basis and severely affected birds were humanely killed. All turkeys were slaughtered at the end of the experiment in a commercial slaughter plant.
Statistical analysis
The data were analysed as a completely randomised block design using Genstat version 17.1 (VSN International, Hemel Hempsted, UK). The P-value of the treatment effect and the LSD (least significant difference, P = 0.05) were provided per response parameter. Treatment effects with a P-value ≤0.05 were considered to be statistically significant. Data transformation to achieve normality and homogeneity of variance was log e for mortality. Transformed data for mortality are presented as back-transformed means. Only means of main effects and means of significant interaction effects (P < 0.05) are presented in the tables.
RESULTS
The analysed concentrations of macro-nutrients in the experimental diets were according to expectations (Table 2a , 2b and 2c) in all feeding phases. Calculated DEB with analysed concentrations of Na, K and Cl was lower than the intended DEB from matrix values.
The effects of different dietary treatments on litter quality are presented in Table 4a . Friability was not affected by CP in the period up to 112 days of age.
Scores for litter wetness in pens with turkeys fed on HCP diets were higher than in pens with turkeys fed on LCP diets which implies that the litter in pens with turkeys fed on HCP diets was dryer than on LCP diets. A significant interaction effect (P < 0.05) of dietary treatments on friability and wetness was observed at the end of the growth period at 134 d. Higher scores for HCP compared to LCP were only observed in HEB diets. Scores for friability and wetness of litter in pens with turkeys fed on HEB diets were lower than in pens with turkeys fed on LEB diets during the entire production period. Visual scores for friability and wetness of litter were not affected Table 4b was also determined by laboratory analysis. Litter moisture in pens with turkeys fed on HEB diets was higher than in pens with turkeys fed on LEB diets at 28, 56 and 134 d of age (P < 0.05). Litter moisture determined by laboratory analysis was not affected by CP or turkey hybrid.
The effects of different dietary treatments on foot pad dermatitis (FPD) score are presented in Table 5 . Mean scores of FPD in turkeys fed on HCP diets were significantly higher (P < 0.001) than in turkeys fed on LCP diets at 28, 56 and 84 d of age. The FPD score in turkeys fed on HEB diets was significantly higher (P < 0.001) than in turkeys fed on LEB diets at 28, 56, 84 and 134 d of age. The FPD score of hybrid A turkeys was significantly higher (P = 0.020) than the FPD score of hybrid B turkeys at 28 d of age. After 28 days of age no significant effect of turkey hybrid on FPD was observed.
The effects of different dietary treatments on growth performance of turkeys in the period from 0 to 28 days of age are presented in Table 6 . Body weight of turkey poults at arrival was 63 g and general health status was good. Growth performance of turkeys was not affected by dietary CP concentration or turkey hybrid (P > 0.05).
High dietary electrolyte balance (HEB) resulted in a significantly higher feed intake and body weight gain than low electrolyte balance (LEB). A significant interaction effect of CP x DEB was observed for feed intake and FCR (P = 0.026 and P = 0.034, respectively). At high DEB, feed intake and FCR of turkeys fed on HCP diets was lower than turkeys fed on LCP diets (feed intake 51.9 g/d vs. 53.7 g/d; feed conversion ratio 1.34 vs. 1.39). However, at low DEB, feed intake and feed conversion of turkeys fed on HCP diets were higher than turkeys fed on LCP diets (feed intake 43.0 g/d vs. 40.8 g/d and feed conversion ratio 1.23 vs. 1.19). A Table 6 near here Table 7 near here significant interaction effect of CP x turkey hybrid was also observed for feed intake and feed conversion ratio (P = 0.017 and P = 0.002, respectively). Within hybrid A feed intake of turkeys fed on HCP diets was not significantly different from feed intake of turkeys fed on LCP diets, whereas within hybrid B, feed intake of turkeys fed on HCP diets was higher than turkeys fed on LCP diets (48.3 g/d vs. 45.9 g/d).
Feed conversion ratio of hybrid A turkeys fed on HCP diets was lower than turkeys fed on LCP diets (1.22 vs. 1.31) whereas FCR of hybrid B turkeys fed on HCP diets was higher than on LCP diets (1.34 vs. 1.26). Furthermore, a significant interaction effect of DEB x turkey hybrid was observed for feed intake and FCR (P = 0.023 and P = 0.005, respectively). The difference in effect of HEB and LEB diets on feed intake and FCR in hybrid A turkeys was larger than in hybrid B turkeys. Within hybrid A turkeys feed intake and FCR of turkeys fed on HEB diets was higher than turkeys fed on LEB diets (feed intake 54.1 g/d vs. 41.2 g/d and FCR 1.38 vs. 1.15).
Within hybrid B feed intake and FCR of turkeys fed on HEB diets was also higher than turkeys fed on LEB diets (feed intake 51.5 g/d vs. 42.6 g/d and FCR 1.35 vs.
1.26) but the difference in feed intake and FCR between turkeys fed on HEB and LEB diets was smaller. So the effects of DEB on feed intake and FCR were more pronounced in hybrid A than in hybrid B turkeys.
The effects of different dietary treatments on growth performance of turkeys in the period from 28 to 134 days of age are presented in Table 7 . High electrolyte balance (HEB) resulted in a significantly higher feed intake and body weight gain than low electrolyte balance (LEB) (feed intake 435 g vs. 420 g; P < 0.001, body weight gain 172 g/d vs. 166 g/d; P < 0.001). Feed conversion ratio was not affected by DEB treatment. Growth performance was not affected by turkey hybrid. A significant interaction effect of CP x DEB was observed for FCR (P = 0.042): in The effects of different dietary treatments on processing yields are presented in Table 8 . Processing yields were not affected by dietary CP. The HEB treatment resulted in a higher body weight of processed turkeys, a higher percentage carcass yield and breast without skin, and a lower percentage of wing tips and residual carcass. Turkey hybrid did not affect processing yields.
DISCUSSION
The aim of the experiment was to investigate the effect of crude protein concentration and dietary electrolyte balance on litter quality, foot pad dermatitis, growth performance and processing yields on male turkeys. Soya bean meal was exchanged completely by vegetable protein sources selected for lower K concentrations in order to lower dietary electrolyte balance to improve litter quality and quality of foot pads. Soya bean meal also has relatively high α-galactoside concentration (above 2%), which also increases the risk of FPD in turkeys (Jankowski et al., 2009 ). Due to the complete exchange of soya bean meal by vegetable protein sources selected for lower K concentrations, the treatment of dietary electrolyte balance was confounded with the treatment of dietary protein sources. In peas, potato protein, rapeseed meal and sunflower seed meal, potassium concentrations were lower than in soya bean meal (10.0, 0.2, 12.6, 15.0 vs. 22.2 g/kg, respectively) according to CVB (2012) . Analysed potassium concentrations in the experimental diets were lower and analysed chloride concentrations were higher than calculated concentrations based on matrix values. Intended levels of DEB were 240 and 130 mEq/kg whereas overall DEB levels calculated with analysed Na, K and Cl resulted in 221 and 113 mEq/kg, respectively. However, the intended difference between high and low DEB of 110 mEq/kg was realised. All used vegetable protein sources such as maize gluten meal, peas, potato protein, rapeseed meal and sunflower seed meal are used in turkey rations on common basis at conservative levels to avoid possible adverse effects of potentially detrimental constituents such as anti-proteases, glucosinolates, haemagglutinins, phytic acid and tannins. Castell et al. (1996) suggested a limit for use of peas in turkey diets at 250 g/kg. No limits were found in the literature for use of potato protein in turkey diets. Mikulski et al.
(2012) observed that an increase in the inclusion rate of rapeseed meal in turkey diets caused a linear increase in FCR, which was significantly higher in the group fed on diets with 180 g/kg of rapeseed meal. Feed conversion ratios of turkeys fed on diets containing 60 g/kg or 120 g/kg were not different from those of controls. Sunflower seed meal contains higher concentrations of crude fibre and lignin as compared to soya bean meal. Jankowski et al. (2011) exchanged soya bean meal (and part of wheat) by sunflower seed meal at different concentrations in turkey diets and observed that body weight of turkeys fed on diets containing 140 g/kg and 210 g/kg of sunflower seed meal was 4 % and 6% lower, respectively, than in those receiving the soya bean meal-based diets in young turkeys from 0 to 8 weeks of age. There is limited data on feeding peas to turkeys, although Savage et al. (1986) found that there were no significant differences in growth rate, feed efficiency or meat quality from including peas at levels from 25 percent in the starter feed to 55 percent in the finisher feeds. For this experiment, inclusion levels were set for peas at 100 g/kg, potato protein at a maximum of 65 g/kg, rapeseed meal at a maximum of 80 g/kg and sunflower seed meal at a maximum of 110 g/kg. The aim was to formulate the low electrolyte balance diets without soya bean meal and inclusion of alternative vegetable protein sources at the same inclusion levels for high crude protein (HCP) diets as well as for low crude protein (LCP) diets. In this way differences in response of turkeys to HCP and LCP diets could not be attributed to differences in inclusion level of alternative protein sources per se. The analysed concentrations of macronutrients in all experimental diets were according to expectations in all feeding phases in the current experiment.
The experimental design was split into two parts. In the period from day 0 to day 28, the 8 treatment combinations were allocated amongst 16 pens to be in line with the normal stocking density used on a commercial basis during the rearing period. From 28 to 134 days of age, the 8 treatment combinations were allocated amongst 64 pens. Therefore, the results were presented separately for the rearing period and the growing period. At 28 days of age, all turkeys were weighed and placed randomly in the final pens according to the assignment of treatments to pens.
All turkeys remained within the same treatment group. Body weights of turkeys at 28 days in Table 6 and Table 7 are not similar due to selection and culling of some turkeys with suboptimal health.
Litter quality and foot pad dermatitis
Visual observation showed that litter in pens with turkeys fed on HCP diets was dryer than in pens with turkeys fed on LCP diets. A significant interaction effect (P < 0.05) of dietary treatments on friability and wetness was observed at the end of the growth period at 134 d. Dryer litter in pens with turkeys fed on HCP diets compared to LCP diets was only observed in combination with HEB diets. Litter was less friable and dry in pens with turkeys fed on HEB diets than in pens with turkeys fed on LEB diets during the entire production period. This means that litter in pens with turkeys fed on HEB diets was more caked and wetter than litter in pens with turkeys fed on LEB diets. The adverse effect of HEB diets on litter moisture was also confirmed by laboratory analysis of litter moisture as litter moisture in pens with turkeys fed HEB diets was in general higher than in pens with turkeys fed LEB diets.
Friability and wetness of litter were not affected by turkey hybrid. Mean scores of FPD in turkeys fed on HCP diets were significantly higher (P < 0.001) than in turkeys fed on LCP diets at 28, 56 and 84 d of age. The FPD score in turkeys fed on HEB diets was significantly higher (P < 0.001) than in turkeys fed on LEB diets at 28, 56, 84 and 134 d of age. A relation between wet litter and FPD has been demonstrated in the literature (Martland [1984; 1985] ; Mayne et al., 2007; Wu and Hocking, 2011; Weber Wyneken et al., 2015) . Eichner et al. (2007) observed that a higher water intake occurred in birds fed on diets containing 8.00-9.00 g K/kg and 2.00 g Na/kg compared with diets containing 7.00 g K/kg and 2.00 g Na/kg and the excreta moisture was highly correlated with dietary K concentration.
The results of the current experiment confirmed the positive effect of lowering CP and DEB levels in diets on litter quality and subsequently a reduction of FPD in turkeys. DEB levels in the current experiment were reduced by decreasing the K content of diets. Some research findings (Jankowski et al., 2012a; Jankowski et al., 2012b; Lichtorowicz et al., 2012) indicate that FPD severity in turkeys is affected by increasing dietary NaCl levels, and not only by DEB values. An increase in the NaCl content of diets from 0.5 to 2.5 g/kg (Jankowski et al., 2012a) or from 1.3 to 5.1 g/kg (Jankowski et al., 2012b) , including a simultaneous increase in Na and Cl, did not change DEB values but intensified FPD symptoms (Lichtorowicz et al., 2012) . On the other hand, an increase in DEB values, caused by replacing NaCl with sodium sulphate or sodium carbonate, had no effect on litter moisture content and the severity of FPD symptoms in turkeys (Jankowski et al., 2012) .
Growth performance
Body weight of day-old turkey poults was 63 g for both turkey hybrids. Parent stock of both hybrids were selected for similar age to exclude effects of age of parent stock on quality of turkey poults. Ages of parent stock of hybrid A and B were 53 weeks and 54 weeks, respectively.
During the rearing period, growth performance of turkeys was not affected by dietary CP concentration so the amino acid requirement of young turkeys was met at 30 g/kg lower CP concentrations in diets adjusted for first limiting amino acids. Llysine HCl, DL-methionine, L-threonine, L-tryptophan and L-arginine were supplemented according to breeder recommendations to meet the birds' digestible amino acid requirements. Growth performance was not affected by turkey hybrid.
The optimal dietary electrolyte balance for turkeys is not well established, however a few studies have been conducted to evaluate different levels of DEB on growth performance of growing turkeys. The results from these studies are inconsistent regarding the impact on FCR. Brake et al. (1994) reported a significant increase in FCR of turkey males (8 to 20 weeks of age) by raising the DEB level from 150 to 250 mEq/kg of diet, whereas Kidd and Kerr (1998) reported a significant decrease in FCR of Large White males (8 to 20 weeks of age) by raising the DEB level from 148 to 202 mEq/kg of diet. Veldkamp et al. (2000) found no significant difference in FCR of turkey toms (4 to 20 weeks of age) with DEB ranging from 164 to 254 mEq/kg of diet. Murakami et al. (2000) suggested that a low electrolyte balance in diets in which 100 g/kg of fishmeal was exchanged with soybean meal may have contributed to the reduced performance in broilers. In the current experiment, however, a main effect of dietary electrolyte balance was observed on growth performance. High dietary electrolyte balance resulted in a significantly higher feed intake (P < 0.001) and body weight gain (P = 0.004) than low dietary electrolyte balance. Pellet durability in diets with low electrolyte balance visually appeared to be higher than diets with high electrolyte balance. Diets with low electrolyte balance contained peas. Peas are an excellent binder for the manufacturing of high quality pellets. Probably the durability and hardness of pellets of the low electrolyte balance diets was too high which hampered feed intake of turkeys. It was observed that feed that is too hard can cause sorting phenomena by the animals. The animals search for pellets less hard and reject the others. Interaction effects of CP x DEB have been observed for feed intake and FCR (P = 0.026 and P = 0.034, respectively). At high DEB, feed intake and FCR of turkeys fed on HCP diets was lower than turkeys fed on LCP diets. However, at low DEB, feed intake and feed conversion of turkeys fed on HCP diets was higher than turkeys fed on LCP diets. This may implicate that turkeys may adjust their feed intake to protein supply via the diet in order to meet their amino acid requirements. The increased feed intake and feed conversion ratio in LEB diets in the current study might also be caused by an overestimation of the ME value and/or amino acid digestibility of the alternative feed ingredients such as maize gluten meal, peas, potato protein, rapeseed meal and sunflower meal for young turkeys.
A significant interaction effect of CP x turkey hybrid was observed for feed intake and feed conversion ratio (P = 0.017 and P = 0.002, respectively). Within hybrid A, feed intake of turkeys fed on HCP diets was not significantly different from feed intake of turkeys fed on LCP diets, whereas within hybrid B, feed intake of turkeys fed on HCP diets was higher than turkeys fed on LCP diets (48.3 vs. 45.9 g/d). Feed conversion ratio of hybrid A turkeys fed on HCP diets was lower than turkeys fed on LCP diets (1.22 vs. 1.31) whereas FCR of hybrid B turkeys fed on HCP diets was higher than on LCP diets (1.34 vs. 1.26). This demonstrates that amino acid requirements are different in young turkeys of hybrid A and hybrid B.
Furthermore, a significant interaction effect of DEB x turkey hybrid was observed for feed intake and FCR (P = 0.023 and P = 0.005, respectively). Within hybrid A, feed intake and FCR of turkeys fed on HEB diets was higher than turkeys fed on LEB diets whereas within hybrid B, feed intake and FCR of turkeys fed on HEB diets was also higher than turkeys fed on LEB diets but the difference in feed intake and FCR between turkeys fed on HEB and LEB diets was smaller. The effects of DEB on feed intake and FCR were therefore more pronounced in hybrid A than in hybrid B turkeys.
During the growth period, high electrolyte balance (HEB) resulted in a significantly higher feed intake and body weight gain than low electrolyte balance (LEB) (feed intake 435 g/d vs. 420 g/d; P < 0.001, body weight gain 172 g/d vs. 166 g/d; P < 0.001) whereas FCR was not affected by DEB treatment. A significant interaction effect of CP x DEB was observed for FCR (P = 0.042). In turkeys fed on the HEB treatment, FCR of turkeys fed on the HCP diets was lower than FCR of turkeys fed on the LCP diets (2.48 vs. 2.57) whereas on the LEB treatment, FCR was not affected by CP treatment. The lack of a significant effect on FCR in LEB diets in the growing period might be caused by an overestimation of the ME value and/or amino acid digestibility of the alternative feed ingredients such as maize gluten meal, peas, potato protein, rapeseed meal and sunflower meal. A lack of metabolic energy to use the amino acids for protein accretion may have occurred in the LEB diets such that the turkeys were not able to utilise the extra available amino acids in the HCP x LEB diets for protein accretion.
Processing yields
Processing yields were not affected by dietary CP whereas the HEB treatment resulted in a higher body weight of processed turkeys, a higher percentage carcass yield and a higher percentage breast without skin and a lower percentage wing tip and percentage residual carcass. Turkey hybrid did not affect processing yields. A positive correlation between body weight gain and percentage breast muscles is generally known in turkey production.
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